Background/Aim. With the improvement of the outcomes after liver transplantation (LTx), health-related quality of life (HRQoL) and physical activity are becoming significant outcome parameters. We prospectively assessed these parameters in patients with autoimmune and nonautoimmune liver disorders undergoing LTx. Materials and Methods. Patients ( = 107) were subdivided into 3 groups depending on the time after LTx: group-A ( = 21): 6-12 months; group-B ( = 48): 13-36 months; and group-C ( = 38): >37 months. SF-36 and IPAQ were applied in HRQoL and physical activity assessment. Results. Females had impaired HRQoL in most SF-36 domains. Younger patients showed higher scores at SF-36 physical functioning domain but IPAQ was not influenced by age. Group-B had higher general health and physical component summary than group-A ( = 0.037, = 0.04, resp.) and total IPAQ than group-C ( = 0.047). The sitting time domain was longer in group-A than in group-B and group-C ( = 0.0157; = 0.042, resp.). Employed patients had better HRQoL and higher physical activity than those not working. SF-36 and IPAQ were unrelated to the autoimmune etiology of liver disease. Conclusions. These findings show that female and unemployed patients have worse HRQoL, while gender and age at LTx time do not affect IPAQ's physical activity. The autoimmune etiology of liver disease does not influence HRQoL and physical activity after LTx.
Introduction
The final outcome of autoimmunity and the extent by which it progresses to clinically overt disease have a direct or indirect impact and/or are influenced by parameters associated with health-related quality of life (HRQoL). HRQoL 2 Journal of Immunology Research importance to subjects [2] . With the improvement of medical treatments followed by prolongation of survival, HRQoL has emerged as an important clinical issue. Several studies have demonstrated that the HRQoL in patients with chronic liver conditions is significantly impaired [3] [4] [5] [6] . This refers in particular to those subjects with liver cirrhosis complicated with hepatic encephalopathy, ascites, or pruritus [7] [8] [9] [10] . However, several HRQoL parameters are also impaired in noncirrhotic patients with chronic liver diseases, such as those suffering from primary biliary cirrhosis (PBC) [11] [12] [13] . We have recently shown that certain genes related with immune dysregulation are tightly involved in the impairment of HRQoL in PBC, long before the need for LTx [14] . Quality of life improves considerably after liver transplantation (LTx); nevertheless, transplant recipients show lower HRQoL scores than the general population [15] . Regular physical activity has been demonstrated to be of significance in long-term recovery process after LTx and to positively affect quality of life [16] ; however, many liver transplant recipients are sedentary [17, 18] . A low physical activity contributes to the development of posttransplant metabolic abnormalities and cardiovascular complications, which are the third leading cause of longterm mortality after LTx [17, 19] . To date, there are limited data on factors related to low physical activity and impaired HRQoL in liver transplant recipients. We ourselves previously noted that specific factors of HRQoL are significantly impaired in patients with autoimmune liver diseases, and in particular in patients with primary biliary cirrhosis (PBC), an autoimmune cholestatic disease [11] . Patients who require LTx due to autoimmune liver disorders also include those with primary sclerosing cholangitis (PSC) and-nowadays to a lesser extent-patients affected with autoimmune hepatitis (AIH). Taking into account that most patients requiring LTx are largely subdivided to those with autoimmune liver diseases, viral hepatitides, or alcoholic liver disease, we have considered that it would be of interest to investigate the factors that affect HRQoL in transplanted patients, paying special attention to those with autoimmune liver diseases. This could give us insight as to whether autoimmunity may have a profound effect in HRQoL and physical activity factors that could be distinguished from those seen in patients with nonautoimmune liver conditions. Our consecutive cohort of LTx patients offered us two unique opportunities: first, to study HRQoL in undivided LTx recipients without paying special attention to the underlying liver disease. This has given us the opportunity to assess prospectively several factors that affect HRQoL and physical functions in patients who underwent LTx in our centre. We also stratified our patients to those with autoimmune and nonautoimmune liver diseases and compared their characteristics.
Materials and Methods

Patients.
One hundred and seven (62 males/45 females) consecutive liver transplant recipients reviewed in our OutPatient Clinic were included in the study between June 2011 and October 2012. All patients were enrolled at least 6 months after the surgical procedure. Patients were divided into 3 
Assessment of Physical Activity.
For the assessment of physical activity the Polish long version of International Physical Activity Questionnaire (IPAQ) was used [21] . IPAQ is an instrument for monitoring levels of physical activity of an adult population between 15 and 69 years and was developed for surveillance activities and to guide policy development related to health-enhancing physical activity across various life domains. The long version of the IPAQ comprises 27 items and investigates 4 physical activity domains (work, leisure, chores, and transport), as well as time spent sitting as a proxy for sedentary behavior [22] . Physical activity is reported as a continuous score, by domain and by intensity of physical activity (moderate or vigorous), or for walking. Physical activity energy expenditure is calculated according to the following formula (in MET-min⋅week-1): number of days spent doing the activity × average duration of the activity per day × energy cost of the activity. The energy cost of an activity is expressed in MET (metabolic equivalent task). A MET is the ratio of the energy expenditure during a given activity divided by the resting energy expenditure [23] .
The following MET values were drawn from the scoring protocol: 3.3 for walking, 4 for moderate intensity physical activity, 8.0 for vigorous physical activity, 6.0 for cycling, 5.5 for vigorous physical activity in the garden or yard, and 3.0 for domestic activities [24] .
Ethics.
Written informed consent was obtained from each patient included in the study. The study protocol was approved by the appropriate Ethics Committee of Pomeranian Medical University and conformed to the ethical guidelines of the 1975 Declaration of Helsinki (6th revision, 2008).
Statistics.
Data are shown as means and standard deviations. The SF-36 and IPAQ scores were correlated with various clinical factors of potential significance. Data were analyzed using Stat-View-5 Software (SAS Institute, Cary, NC, USA) using Fisher's exact and ANOVA analysis. Categorical data were compared using Levene's test for equality of variances and both pooled-variances and separate-variances t-tests for equality of means. Correlations were tested with Pearson Correlation test. value < 0.05 was considered statistically significant.
Results
Quality of Life.
Age was comparable between female and male patients at the time of the survey (50.7 ± 11.9 versus 49.4 ± 11.1 years, respectively; = 0.56); still, all but two (role limitations due to physical problems and general health) domains of SF-36 HRQoL were worse in females compared to males ( Table 2 (a)). The most profound impairment was noted in the domains of bodily pain ( = 0.0004) and role limitations due to physical problems ( = 0.0001).
Younger patients scored higher at physical functioning domain ( = −0.295, = 0.002). That domain subsequently showed a significantly negative correlation with the age at LTx ( = −0.297, = 0.002). Regarding the time period after LTx, a significant improvement in group-B compared to group-A was seen in terms of general health ( = 0.037) and physical component summary ( = 0.04) domains (Table 2(b)). The underlying cause of the disease/indication for LTx had no effect on HRQoL (data not shown). Active workers had significantly better HRQoL in most domains of physical aspect of well-being, including physical functioning, role limitations due to physical problems, bodily pain, physical component summary, and role limitations due to emotional problems compared to pensioners due to retirement or disability (Table 3( No difference in physical activity between males and females both in terms of total and specific domains of IPAQ was seen, except of vigorous activity (Table 4(a) ). No correlation was observed with IPAQ and age at survey or age at surgery and the underlying cause of the disease/indication for LTx (data not shown). Group-B was more active with regard to total IPAQ (5333.4 ± 4553.7 METmin/week) versus group-C (3882.6 ± 1538.9 MET-min/week, = 0.047). Group-B tended to be more active than group-A (3697.6 ± 2053.3 MET-min/week, = 0.06, Table 4(b)). As expected, sitting time domain was significantly longer in group-A (720.0 ± 171.8 min-week) than in group-B (605.8 ± 174.5 min-week, = 0.0157) and group-C (620.5 ± 184.7 min-week, = 0.042, Table 4(b)). Participants who commenced an employment after LTx showed significantly higher physical activity in total IPAQ and in vigorous activity domains in comparison to patients out of work ( = 0.005 and = 0.0014, resp., Table 5 (a)). There was a trend towards a negative correlation between lower total activity and BMI ( = −0.174, = 0.07). In comparison to patients with ideal weight, overweight patients were less active in relation to total activity and vigorous activity ( = 0.0082 and = 0.047, resp.), and obese subjects showed reduced total activity ( = 0.027, Table 5 (b)). 
Relationship between Physical Activity and Quality of
HRQoL and Physical Function Test Parameters in Patients with Autoimmune and Nonautoimmune Liver Diseases.
As we mentioned, the indication for LTx did not affect HRQoL and physical activity. We then compared patients with underlying autoimmune liver diseases (AIH, PBC, and PSC) with those without autoimmune liver diseases, in relation to specific SF-36 HRQoL and IPAQ physical activity performance. When LTx patients were stratified according to the presence of autoimmune liver disease or not as the cause of the underlying disease, we did not observe any differences in terms of well-being or physical activity (Table 6 ).
Discussion
Several studies have shown that HRQoL improves considerably after LTx. Nevertheless, transplant recipients demonstrate lower HRQoL scores and remain less physically active than the general population [25] [26] [27] [28] . In this study, we prospectively assessed the factors that can influence daily living and physical behaviors in 107 patients, who underwent LTx in our centre. In subgroup analysis, we found that the cause of transplantation did not influence physical activities and perception of daily life (Table 5 ). This is an important topic because a substantial group of patients with liver diseases (in our cohort Journal of Immunology Research 5 All values are shown as mean ± SD. Group-A: 6 months to 12 months after liver transplantation; group-B: from 12 months to 36 months after liver transplantation; group-C: over 36 months after liver transplantation.
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Journal of Immunology Research 31%) stems from an underlying autoimmune disease (PBC, PSC, or AIH), and this could help us delineate the extent by which the autoimmune nature of the original disease may impact the overall performance scores. Our analysis suggests that the mechanisms leading to end-stage liver failure and LTx are irrelevant to the HRQoL and physical activity of patients who have undergone LTx. On the other hand, older age was a factor significantly impairing HRQoL, but this feature is also seen in the general population and by no means can be seen as a major contributing factor [29] . As was expected, we observed that patients in their first 6-12 months after LTx demonstrate more sedentary habits; such features are most likely related to recovery and fear of pain due to physical efforts. In contrast, patients assessed in their second and third year after LTx showed increasing physical activity and improved physical aspects of well-being such as general health and physical component summary of SF-36. An apparent explanation for this finding is that full recovery enables these patients to perform better in terms of more demanding physical effort and active lifestyle needs [17] . Gross et al. have reported similar findings and noted that limitations in several activities due to patients' role and physical health problems virtually cease a year after LTx [27] . Somewhat surprisingly, this trend was not observed in LTx patients studied 36 months or after the procedure. In these patients, there was no further improvement in the quality of their life, while physical activity was again significantly decreased. The long-term impairment of physical functions in liver transplant recipients has also been noted by other investigators [15] . While the overall perception of health improves after LTx, a significant proportion of patients suffer from chronic complaints such as chronic pain or fatigue, which restricts their physical activity [30] [31] [32] [33] . However, in our group of patients we did not observe such unwanted symptoms (low scores at bodily pain SF-36 domain). Data assessing the impact of physical activity on nutritional status in liver transplant recipients are limited. Kallwitz et al. showed that the metabolic syndrome is common after LTx with higher prevalence in patients over 1 year after LTx, and is inversely correlated with exercise intensity [18] . Published data showed an association of higher activity levels with lower rates of hypertension and a lower BMI [16] . We found an obese or overweight habitus strongly associated with reduced physical activity and impaired physical components of HRQoL, but the interpretation of our findings is not an easy task as we do not know whether physical inactivity (and lower HRQoL scores) precedes or follows that of increased BMI.
Patients doing their professional work had significantly better scores of SF-36, mainly related to physical aspects of well-being (i.e., physical functioning, role limitations due to physical problems, bodily pain, physical component summary, and role limitations due to emotional problems) and were significantly more physically active than those out of work (pensioners). These observations are in agreement with previous studies, in which persons that had an active work life had significantly better HRQoL compared to those out of work [15, [34] [35] [36] . Liver transplant recipients more frequently experience fatigue and demonstrate lower SF36 physical functioning scores than those engaged in any educational or working activity [37] . This has been attributed to the fact that professional work provides external stimuli and allows the return to normal lifestyle and social integration [38] . Also, fulfillment of professional tasks and work satisfaction enhances the sense of independence. Thus, patients who remain out of work may potentially be less motivated and have more impaired physical activity than those with an active work life.
Perhaps the most striking finding of this analysis is a significantly worse HRQoL in female patients in the majority of SF-36 domains. This new finding contrasts published data reporting comparable HRQoL scores between males and females. In agreement with our data, Cowling et al. found better quality of life in male subjects using their own HRQoL questionnaire, specifically designated for LTx patients [39] . In other disciplines, HRQoL is worse in female patients with coronary artery disease than in men [40] , while women with early rheumatoid arthritis perform better in terms of HRQoL than their male counterparts [41] . Gender-related differences on quality of life parameters are complex and deserve thorough investigation.
We are aware of the constraints of the present study. For example, recurrence of the original disease including viral hepatitides, PBC, or PSC may affect HRQoL parameters. Amongst the 11 chronic hepatitis C patients, 5 had recurrent disease which required initiation of antiviral treatment including two who achieved sustained virological response but the treatment finished 4 years and 1 year before the inclusion in the study, respectively. Thus, it is rather unlikely that recurrence is a precipitating factor which could affect the current analyses, though such an effect cannot be excluded. Another limitation is that the study did not include data on healthy subjects and is cross-sectional in nature and not longitudinal study. Nevertheless, it provides important information regarding the impact of environment in the form of HRQoL and physical activity features after LTx. Our findings suggest that the indication for transplantation (autoimmune or nonautoimmune) does not influence the quality of life but emphasizes the role of employment in complete recovery and return to normal life. We underline differences amongst gender in perception of daily life and a profound impairment of SF-36 scores in females.
